Background: Family history of heart disease (FH-HD) is associated with an increase
| INTRODUCTION
It has been shown that family history of cardiovascular disease (FH-CVD) is associated with an increased risk of subsequent cardiovascular disease (CVD). In the Framingham offspring heart study which followed 2303 men and women free of CVD, the 8-year incidence of CVD was higher in participants with at least one parent with premature CVD 1 and increased even more in participants who had siblings with history of CVD. 2 More recent studies showed greater severity of coronary artery disease at angiography in patients with family history of coronary heart disease (FH-CHD) 3 and demonstrated higher mortality risk with an excess in men with family history of myocardial infarction (MI). 4 FH-CHD was not included in the Framingham risk score for 10-year coronary heart disease but has become part of other more recent risk algorithms. 5, 6 With the aim of searching for the mechanism behind this associa- Sub-clinical myocardial injury reflected by elevated high-sensitivity cardiac troponin T and I (hs-cTn T/I) is associated with increased cardiovascular risk in the general population, [8] [9] [10] and in the obese, hypertensive, diabetic, and those with evident heart disease. [11] [12] [13] [14] [15] [16] [17] [18] Moreover, serial measurements of changes in the hs-cTnT levels over different periods of time were related to different incidences of coronary heart disease (CHD), heart failure (HF), and death years later. 8, 19, 20 Interestingly, a study that investigated the mechanism underling these associations showed that high hs-cTnT at baseline was associated with subclinical changes in terms of replacement fibrosis and increase in left ventricle (LV) mass 10 years later. 21 The aim of this study was to examine the association between family history of heart disease (FH-HD) and elevated hs-cTnT as a sub-clinical marker for heart disease (HD) in a population of apparently healthy individuals.
| METHODS

| Study population and study design
The Tel-Aviv Medical Center Inflammation Survey (TAMCIS) is a registered databank of the Israeli Ministry of Justice as previously described . 22, 23 The survey includes apparently healthy adults at the ages of 20 to 82 who have attended the Tel Aviv Medical Center as part of periodic tests. The assessment includes blood tests, physical examinations, a medical interview, and answering a detailed questionnaire.
In a cross sectional study design we analyzed the results of 3821 participants who were examined between September 2004 to July 2017. We excluded from the analysis subjects who had any CVD diagnosis-any coronary heart disease or stroke. percentile value for a healthy reference population, and is referred to as elevated. 25 Therefor hs-cTnT was defined as a three-level variable:
hs-cTnT ≤ 5 ng/L as undetectable, 5 ≤ hs-cTnT<14 ng/L as detectable, and hs-cTnT > 14 ng/L as elevated.
| Family history of HD (independent variable)
Participants filled-in a questionnaire regarding their FH-HD. They were asked to indicate whether they had a first degree family member who had HD and the age at diagnosis. Participants who answered these questions (n = 3821) were classified as having or not having FH-HD. We defined history of premature HD as presence of a first degree family member who had a HD diagnosis before the age of 55 years for men and 65 for women and history of late HD (FH-L-HD) as presence of a family member who had a HD diagnosis later than that age. 
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High sensitivity C-reactive protein (hs-CRP) levels were measured by using BN2 model nephelometer (Dade Behring, Cardio Phase hs-CRP Assay, Marburg, Germany). 27 We also defined hs-CRP as categorical variable according to the cutoff point of 3 mg/L.
| Statistical analysis
We performed descriptive statistics for variables as demographic data, blood test results, medical diagnoses, and life habits among all study population. χ 2 test was used to assess statistical significance of differences in hs-cTnT levels between different categorical variables.
P values of <.05 were considered statistically significant. We 
| RESULTS
Demographic and cardiac risk factor characteristics of the study population are presented in without (4.4% vs 2.0%, P < .001), (4.3% vs 2.0%, P = .001), and (4.5% vs 2.0% P < .001), respectively. (Table 2 ). Male sex, older age, physical activity, metabolic syndrome, hypertension, and BMI above 30 and diabetes had a significant association with both detectable and elevated hs-cTnT ( Table 3) . Table 4 summarizes the analysis of potential modifying effects in the association observed between FH-HD or FH-P-HD with hscTnT. Hs-CRP was the only significant modifier of the associations between FH-HD or FH-P-HD with hs-cTnT (P for heterogeneity = .019 and .034, respectively). Stratification according to hs-CRP levels revealed indeed much stronger ORs of FH-HD (at any age) or of FH-P-HD with elevated hs-cTnT, among participants with hs-CRP levels of >3 than among participants with hs-CRP levels of ≤3 (Table 4 ).
In view of these results, interaction variables of FH-HD or of FH-P-HD with hs-CRP levels were included in additional multivariable analysis models. (Table 5 ).
FH-HD at any age was found to interact with hs-CRP concentration in its association with elevated hs-cTnT (OR 3.07, 95% CI (Table 5 ).
| DISCUSSION
The main finding of the current study is the significant association between FH-HD, premature and not premature, and elevated levels of hs-cTnT. In the multivariable analysis this association was independent of several accepted risk factors of HD. Additionally, FH-HD had a significant interaction with hs-CRP in its association with elevated levels of hs-cTnT. Elevated hs-cTnT remained also significantly associated with male sex, age, hypertension, known risk factors for HD, and also linked with physical activity probably related to physiological changes in cell membrane of myocytes during exercise. 28 A recent editorial and a review of 145 studies reported that both intensive long duration and also short or intermittent exercise not necessarily of high intensity can cause a rise in cardiac troponin. The authors concluded that the mechanism is most probably physiologic and a result of an enhanced release of cytosolic troponin follows increased membrane permeability. Production of reactive oxygen species, alternation in calcium, pH or glucose metabolism, and other cardiovascular stressors are suggested as potential factors involved in this physiologic reaction.
28,29
The mechanisms of the relationship between FH-HD and subsequent HD events are not well known. As coronary heart disease is the most common heart disease, we focused our discussion on trying to understand the underlying factors of its association with family history of coronary heart disease (FH-CHD Abbreviations: BMI, body mass index; CI, confidence interval; FH-HD, family history of heart disease; FH-P-HD, premature FH-HD; HD, heart disease; hs-CRP, high sensitive C-reactive protein; hs-cTnT, high sensitive cardiac troponin T; OR, odds ratio. metabolism, inflammatory response, endothelial dysfunction, platelet function abnormalities, thrombosis, fibrinolysis, and blood pressure regulation. 32 In a genome wide association study, loci related to early onset of CHD were found. The locus 9p21, that probably accounts for the encoding of controlling RNA, is the most common. 33 Common exposure among family members to pollutants, similar microbiome, or shared lifestyle and cultural habits may also underlie the association between FH-CHD and subsequent CHD events.
As hs-cTnT is a marker of both clinical and subclinical CHD, the association between FH-CHD and hs-cTnT has biological rationality and may be utilized for better risk stratification of CHD in apparently healthy individuals.
To the best of our knowledge, studies on the association between FH-CHD and hs-cTnT were not published. Moreover, neither the association between hs-cTnT and hs-CRP or the interaction of FH-CHD with hs-CRP concentration in the prediction of high hs-cTnT, were previously reported. This interaction may suggest involvement of an inflammation process indicated by increased hs-cTnT in subjects with FH-CHD and elevated levels of hs-CRP. In a prospective study that examined the risk factors for CVD in participants to the Scottish Health Surveys who were followed over 7 years, the greatest risk of CVD was observed in participants with FH-CVD and elevated CRP or hypertension. 34 The current study has several limitations. This is a study in which the data were retrieved from an existing database leaving the risk for residual confounding. Information on FH-HD or FH of premature HD was obtained from a questionnaire in which participants were asked to indicate, if relevant, the first degree family member and the age at Abbreviations: BMI, body mass index; CI, confidence interval; FH-HD, family history of heart disease; FH-P-HD, premature FH-HD; hs-CRP, high sensitive C-reactive protein; hs-cTnT, high sensitive cardiac troponin T; OR, odds ratio.
diagnosis. The participants were not asked to indicate what the specific heart disease diagnosis is for them or for their family member.
This information was not validated by medical documentation submitted by participants. In addition, we do not have long term clinical outcome data to assess the prognostic significance of the current findings.
However, in light of past and recent large studies demonstrating the prognostic power of FH-CHD and troponin elevation, 1, 35, 36 it is probable that the combination of the two factors is patho-physiologically related and has clinical significance.
We cannot entirely rule out the possibility of an effect of multiple comparisons within the analyses that we conducted. However, the various stratifications and the corresponding heterogeneity analyses were based on individual hypotheses regarding potential mechanisms responsible for the observed association between FH-HD or FH-P-HD and hs-cTnT allowing for these analyses without a necessary adjustment for multiple comparisons. 37, 38 One strength of the study may rely on the fact that though having a cross-sectional design, it is most probable that the independent variable (FH-HD) preceded in time the dependent one (hs-cTnT), and thus supporting causality for this association.
| CONCLUSION
We found that FH-HD and its interaction with hs-CRP levels is associ- T A B L E 5 Multivariable models a for the association between family history and premature family history of HD and hs-cTnT > 14 ng/L with supplementation of interaction variable Abbreviations: BMI, body mass index; CI, confidence interval; FH-HD, family history of heart disease; FH-P-HD, premature FH-HD; HD, heart disease; hs-CRP, high sensitive C-reactive protein; hs-cTnT, high sensitive cardiac troponin T; OR, odds ratio.
a Logistic regression for prediction of highly elevated hs-cTnT (hs-cTnT > 14 ng/L vs lower levels) by family history of HD (model 3) and premature HD (model 4) while adjusting for other risk factors and interaction variable.
